Discussion  by unknown
patients. Future efforts need to investigate these outcomes.
Notwithstanding these limitations, our study was conducted
by using a national multicenter database with adequate power
to generate current, stable mortality rates.
CONCLUSION
We found overall unadjusted volume to be a poor discrim-
inator of mortality. However, after adjustment for patient
risk factors and surgical case mix, larger programs achieved
superior results for more complex operations. Many factors
contribute to the mortality risk of a patient undergoing pedi-
atric cardiac surgery. The relationship between volume and
mortality is complex, making volume a difficult choice as
a quality measure for pediatric cardiac surgery. Rather
than accepting an imperfect proxy, the process measures
and system characteristics for which volume is a surrogate
need to be identified. The widespread implementation of
these factors is likely to lead to substantial improvement in
the outcomes of our operations.
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Dr J. William Gaynor (Philadelphia, Pa). I would like to con-
gratulate DrWelke and his coinvestigators for a very important and
interesting study. They have used data from the STS congenital
database to investigate the relationship between center-based surgi-The Journal of Thoracic and Ccal volume and outcome as assessed based on hospital mortality.
This is an important and controversial topic because center volume
has been used as a quality measure.
Dr Welke and colleagues’ study shows that volume alone is
a poor predictor of outcome. However, after adjustment for patient
factors and case complexity, they did identify a complex relation-
ship between surgical volume and outcomes.
There is no relationship between volume and outcome for low-
complexity cases. However, for complex cases, particularly the
Norwood procedure, there was a significant relationship between
increasing surgical volume, particularly in very large centers of
greater than 350 patients a year, and improved outcomes.
This study complements and supports a previous study by Dr
Welke and his colleagues, which was presented at the STS meeting
earlier this year. In that study they used an administrative data set
and showed that surgeons in centers with a large annual case
volume performed more complex cases with better results than
those in smaller centers.
Use of case volume as a quality metric is obviously controver-
sial. Previous studies with administrative databases have been crit-
icized because of the lack of data quality and the lack of adequate
risk stratification.
The current study DrWelke and his colleagues used the best avail-
able clinical database and the best available risk stratification to iden-
tify this relationship between volumes and clinical outcomes.
The goal of the STS database is quality improvement. We have
now identified a relationship that some centers might not want to
see; that is, there appears to be a relationship, at least for complex
cases, between increasing case volume and outcomes. And we have
done it using the best available tools.
Now, how can we use this information—you touched on this at
the end—for quality improvement? One idea that some payers and
other groups might suggest is to simply transfer complex cases
from low–volume centers to higher-volume centers. More impor-
tantly, we should try to improve quality and improve our outcomes.
As you suggested, volume is probably a surrogate for some other
factor: surgical experience, available facilities, number of surgeons,
or the health care team.
The question I would like to ask is this: How can we use these
data to try to identify those factors that we are measuring with vol-
ume? Volume is clearly not the determinant but rather is a surro-
gate for some other outcome measure. How can we identify those
factors that account for the improved outcomes in the larger
centers and then apply them to other centers to improve overall
quality?
Dr Welke. Thank you, Dr Gaynor, for your comments and
question.
Volume is not a measure of quality but is, as you stated, an easily
obtained structural attribute that is associated with quality. It is
a surrogate for process measures and structural characteristics of
systems that lead to better outcomes but are not currently captured
in available databases. Volume is associated with quality because,
on average, higher-volume programs are more likely to have these
structural characteristics and engage in these processes. These
factors might be associated with experience and systems of care.
You mentioned some likely candidates. To those I would add
preoperative decision making and care, intraoperative decision
making and care, postoperative in-hospital and postdischarge
care, multidisciplinary discussions, and team strength andardiovascular Surgery c Volume 137, Number 5 1139
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Dexperience, including more than 1 surgeon, senior surgeon leader-
ship, skilled cardiologists, pediatric perfusionists, and pediatric an-
esthesiologists. There are others. I am sure that team experience and
interaction are crucial.
Although studying these factors is more time consuming and
costly than tracking mortality, defining and implementing such mea-
sures are likely to result in better outcomes. How can we do that?
One model that has been very successful in adult cardiac surgery
is the regional quality improvement organization, the Northern
New England Cardiovascular Disease Study Group. In part because
of the geographic dispersion of the programs in our specialty, per-
haps a national or international organization such as this one, the
STS, or perhaps, most appropriately, the Congenital Heart Sur-
geons Society, would be best suited to expand on the Northern
New England Cardiovascular Disease Study Group concept in
our field. It could be a wonderful contribution and might be the
only way to tease out the structural characteristics and process mea-
sures that are central to high-quality care.
Mortality is a difficult outcome to use for tracking quality, in part
because we are good enough at what we do that it occurs relatively
infrequently. We need to broaden our focus to include other out-
comes, both because they occur more frequently and also because
they are important to patients: morbidity, functional status, neuro-
logic status, and long–term mortality.
Dr JanM.Quaegebeur (New York, NY). DrWelke, you just put
water in my well. Thank you.
I have been involved with the database of New York State, and I
want to correct a misconception. The New York State database is
not an administrative database because for every patient who un-
dergoes an operation, at the time of the operation, forms have to
be filled in and risk factors have to be identified, which are then
controlled by the state by means of peer review. Therefore these
publications by Hannan that you mentioned already preceded
your conclusions, and we totally agree.
I also agree with your last sentence, stating that death, of course,
is the ultimate outcome. Therefore the more complex the proce-
dure, the more evident that the relationship exists. If you want to
become more sensitive about what really is the quality of care of
patients in small and larger units, we have to look at other outcomes
than that alone in terms of morbidity, as you mentioned. I think that
is very important, but it is not going to be easy to organize that.
Dr Welke. Thank you for your comments, and thank you for
your comment about the New York data. Ed Hannan has been1140 The Journal of Thoracic and Cardiovascular Suone of the pioneers in looking at this subject, as have all of you
who have supported him in New York. The New York clinical car-
diac surgery database is the only other clinical database that has
been used to examine the volume–mortality relationship in pediat-
ric cardiac surgery. The other studies have been done with primarily
California administrative data. One study included California and
Massachusetts administrative data, and our previous study used
data from the Nationwide Inpatient Sample. But as you mentioned,
Ed Hannan is a real pioneer and has done great work in this area.
Dr Carlos J. Troconis (Venezuela and Dominican Republic). In
the Dominican Republic we have had the experience of and devel-
oped a brand new program. In 2006, we did a study in which we
evaluated 111 cases performed by our locally trained group versus
169 patients operated on by American teams visiting us. The pa-
tients’ risk stratifications were the same for both groups:
RACHS–1 score up to 3 and Aristotle score of less than 3. In
reviewing our results in terms of mortality, we found it within
the range applied for most American centers but less than the vis-
itor’s teams. In summary, the mortality and morbidity were higher
than our result for the same adjusted risk categorization of patients.
My concerns are—and that might be your conclusion—that the
different environmental conditions might influence the perfor-
mance of the visiting teams versus the creativity of ‘‘tropicaliza-
tion’’ of the local teams habituated to such situations. I think that
more collaborative efforts should be done between both worlds
to enhance these results. Do you have any comments about this?
Dr Welke. First, I congratulate you on your results. You have
brought up an important point. Cardiac surgery is a team sport,
and the context matters. If you take one element of a complex
team, in this case a group of surgeons from the United States, per-
haps even with supporting staff, out of the environment to which
they are accustomed and move them to a new environment, in
this case your hospital, theymight not be able to function optimally.
Your environment might be more or less sophisticated than what
they are used to at home, but it does not matter. It is just different,
and they are not used to it. You and your team are used to the en-
vironment, and therefore it makes sense that you get better results.
The answer to improving their results is communication and
collaboration. Work with them to adjust them to your environment.
Combine their expertise with your experience and expertise. Again,
you have brought up an excellent point. What you describe is a case
study of what we are discussing: how the team and the whole
system matter.rgery c May 2009
